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Neutrino Oscillations
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MiniBooNE
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MiniBooNE
• First event September 2002
• Neutrino Beam operates well
• Neutrinos per proton as 

expected
• Events match Monte Carlo
• Currently > 1.6 1020 pot  
• Limitation is from Booster 

losses and the Booster is key 
for all of the FNAL program.

• Potential for improvement is in 
place.

• Commitment to 5 1020 pot
• Goal is more through to NuMI

start-up
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MiniBooNE Operations
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Status of the NuMI/MINOS Project

• Tunnels and Halls construction finished

• Surface Buildings and Outfitting 
construction-finish February 2004

• MINOS far detector installed and operating

• Cosmic ray data taking

• Serious risk of being ready for beam in 
about 1 year
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NuMI/Minos Project



f

January 12, 2004 NuMI Off-Axis Meeting - Cambridge, U.K.

NuMI/Minos Project
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Fermilab PAC November 2002
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PAC June 2002: P-929

P-929 Letter of Intent to Build an Off-axis Detector to Study νµ νe
Oscillations with the NuMI Neutrino Beam (Para)

The Committee thanks the proponents for their Letter of Intent for an 
experiment in the off-axis NuMI beam and appreciates this effort to flesh 
out an optimum experiment to measure θ13. Such a measurement is the 
crucial next step towards the long-range goal of observing CP violation 
in neutrino oscillations. The Committee encourages continued 
discussion within the neutrino community on how best to achieve these 
ambitious goals.

More detailed discussion of the off-axis experiment, which was also 
discussed in the proton-driver report, is given below.



f

January 12, 2004 NuMI Off-Axis Meeting - Cambridge, U.K.

PAC June 2002
Issues for Off-Axis Neutrino Oscillation Experiments

As has already been discussed, the next important problem in the
study of neutrino mixing is to measure θ13. It is especially interesting 
to search for θ13 in the parameter range within about a factor of 10 
below the Chooz limit, because this is the region in which it may be 
feasible to detect CP violation in neutrino mixing with conventional 
νµ beams without having to build a muon storage ring.

However, the Committee notes that the measurement of θ13 in an 
off-axis experiment using the currently planned NuMI beam with 
2.5×1020 protons/year is very challenging. For example, a 20 kton
experiment would only observe 1 signal event per year if 
sin22θ13 = 0.01, and a comparable number of background events.
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Fermilab PAC, June 2002: Neutrino Initiatives

At the Aspen meeting, the PAC considered two submissions addressing initiatives
which go beyond the neutrino program consisting of the NuMI/MINOS and MiniBooNE
experiments. The PAC response to a potential extension of the neutrino program was
positive. Therefore, we will encourage a series of workshops and discussions, 
designed to help convergence on strong proposals within the next few years. These 
should involve as broad a community as possible so that we can accurately gauge the 
interest and chart our course. Understanding the demands on the accelerator 
complex and the need for possible modest improvements is also a goal. Potentially, 
an extension of the neutrino program could be a strong addition to the Fermilab 
program in the medium term. We hope to get started on this early in 2003.

Michael Witherell
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Fermilab PAC, December 2003

Neutrino Physics 

Neutrino physics is an important component of the 
Laboratory’s program, and its importance is likely to 
grow in the future. The NuMI/MINOS program is the 
highest priority after Run II. The Laboratory is currently 
going through a long-range planning process, and the 
Committee eagerly awaits its report. Any discussion of 
neutrino physics at the Laboratory should be consistent 
with the long-range plan. Moreover, future neutrino 
physics experiments will require high intensity proton 
beams, and the possible reach of and costs associated 
with the necessary improvement of the accelerator 
complex are not known at this moment. 
Recommendations in this report are made in this 
context.
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DOE Office of Science: Facilities 20 yr Plan
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(From) Charge to the FNAL Long Range 
Planning Committee

• I would like the Long-range Planning Committee to develop in detail a few realistically 
achievable options for the Fermilab program in the next decade under each possible 
outcome for the linear collider.  The goal in developing each option should be to optimize 
the opportunities available at Fermilab in this period for high energy physicists to answer 
the most important questions in our field.  The options should be guided by the priorities 
for the field as laid out in the HEPAP Subpanel and in the HEPAP response to the Office of 
Science on the facilities plan.  

• The committee should develop scenarios for each of the two cases spelled out by the 
HEPAP Subpanel. 

– A linear collider project will be built here, starting late in this decade with international support and 
organization. 

– The linear collider will be built offshore with substantial participation from U.S. High Energy 
Physics.  

• In either case, you should make the following additional assumptions.

– Fermilab will have a central role in an active U.S. research program at the LHC, both as host of the 
US-CMS collaboration and as developer of accelerator upgrade plans.

– Fermilab will carry out the presently approved program of experiments following approval from the 
national program.
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Neutrino Open Session
• Issues in Neutrino Physics S. Parke
• Off-Axis Experiment G. Feldman
• Reactor Experiment                                              J. Link
• Neutrino Factory S. Geer

• Prospects if MiniBooNE Has a Positive Signal B. Kayser
• Non-Oscillation Physics K. McFarland
• Proto-Recommendations                                        G. Feldman
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Neutrinos - Long Baseline proto-
recommendations

• That Fermilab proceed with the Off-Axis experiment 
as part of a step-by-step program to eventually 
measure all of the neutrino mixing parameters.

• That Fermilab proceed with the construction of a 
proton driver to provide a 2 MW 120 GeV beam.

• There will be other recommendations concerning 
Neutrino Factory work and possibly about the off-
site reactor initiative.
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Proton Driver (Peter Meyers)
• Primary motivation is the Long Baseline Neutrino 

Program

• Proton Driver could support a broad physics 
program of its own 
– Two Fermilab studies 
– Short-baseline neutrino oscillation 

• if MiniBooNE confirms LSND 
• multiple sterile neutrinos? 

– Low-energy neutron source 
• optimize for elementary particle physics 

– Low-energy muon source 

• Head-start for bigger projects? 
– SC Linac a warm-up (cool-down?) for LC 
– Neutrino  Factory R&D/source  
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Neutrinos and Fermilab
• Fermilab is operating a neutrino oscillation program NOW

• NuMI/MINOS Operations should start in about 1 Year

• The Fermilab PAC considers that the future possibilities for neutrino physics at 
Fermilab are interesting

• The Office of Science Facilities Report has “Neutrino-Superbeams as a 
recommended component.

• The Fermilab long range planning committee will feature neutrinos as a major 
component of the future physics program.

• Based on the physics of neutrinos, Fermilab will explore building a “Proton 
Driver” to provide “super-beam” capability.

• We would like to provide a coherent FNAL “white paper” as input to the 
“Freedman-Kayser” APS study.  

• We are here.


